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ABSTRACT The stone pagoda of the Bunhwangsa temple made by piling small brick-shaped stones. The major rock
forming stone bricks are andesites with variable genesis. Rock properties of the pagoda roof stone suffer partly
including multiple peel-offs, exfoliation, decomposition like onion peels, cracks forming round lines and falling off
stone pieces. The stylobates and tabernacles in all the four directions the pagoda are mosily composed of granitic
rocks. Those rock properties are heavily contaminated by lichens and mosses with the often marks of inorganic cont-
amination by secondary hydrates that are dark black or yellowish brown. Within the four tabernacles and northern
pagoda body situated to relatively high humidity. There are even light gray precipitate looking like stalactites
between the northern and western rocks of the body. Their major minerals are calcite, gypsum and clays. The stone
lion standing in the southeast and northeast side are alkali granite, while that in the southwest and northwest lithic
wff. Total rock properties of the pagoda are 9,708 pieces, among the all properties, fractured blocks are 11.0%, fall
out blocks are 6.7% and covered blocks by precipitates are 7.0%, respectively. The pagoda has highly deteriorated
the functions of the rock properties due to physical, chemical and biological weathering, therefore, we suggest that
this pagoda has need to do long term monitoring and synthetic conservation researches.

Key Word : exfoliation, peel-off, falling off, crack, weathering, contamination
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Figure 1. Field occurrences of the stone pagoda in the Bunhwangsa temple. General view of the southwestern side (A). Stalactite-like
white grey precipitates collected from northern body rocks of the pagoda (B). Photograph shows detail survey in the uppermost roof of
the 3rd floor (C).



Ao Heldk= PEEH(Figure 1A). o] A ge]
Y B aldhs 71eA o BES 7l 7wl
$lo] Ao| U3 ehatehs o] fojo] HERUYOE T
FL A Ao s R} ®
BEAPERE 19159 &S o 3502 ol 8l
o, A ol g AHE9 19893 EalA) el ol A
ZARE Aol 93l TFo]|AY 9ZelUths 7Hdo]
A7) gk, ol dA ol gl 237 3% e
7} vws] BEokg ) H]E%]‘MW 754 7Fsl de
Ao o @ HopAE 9
=d 7%3—*3 o] itk ﬁJrJ'& Zi"]r/}, w3 el =l A
3k 4% =0] 41.6m, 95%
73%- o] 48.5mel o2& ¢ Aule FelAq & e

O

=

3

Wozt aAplel A 59 ek 88 < 4%
Holts 5] $A12 AHg H91S AoE FHHE

JEto

_|o|-
rﬁ
©°
~
o
o
rio
o
el
10k
o
g
0x
N

Zal3ler gotel HEE!

=as

MEo] AAgt. O]E
2 oAAR, gl
t} o] o] AA Al /\].o]g_s:z_l L okF 3}
AE B3N A AL gl #3374

Eo] Hof Slr}. gl Fe FHER
m, IS v HFo g Qg A
Al ojgk g7}k Heit.

=g Aol = 272 91 A3 AL FEo 'e
Aoz ¥xstu glon $53t g Alole] A7} ¢
Foh oA FEEL 7 d2TFE Palet U
o o3 2 HE FEE 4 vt o] = 3l 4
el Kok 72 Au] 2polA of2 o] 7t 9

o}, AAGE thie] BA S VT Slck o] &
o Jlgng M A FE NES 4% 4B
ak52=e] Aot Aol e Aejoln] Bz
SNl G Aelfsh nEA B Aate] Pt
(Figure 1B, 1C).

i
2
%
oy

i
=
=
e
o

o]
—

[¢]

o

olr —gj‘

o ¢
o
o

R
ol 14

ol

il

]
=

Figure 2. Constituting rocks and microphotographs of host rocks for the stone pagoda in the Bunhwangsa temple. (A) Brick-shaped
andesitic pagoda body is highly damaged by leakage of rain water along the fracture systems. (B) Basement rock materials are com-
posed mainly of granitic rocks. (C) Stylobate, tabernacles and stonie statues are composed of various granitic rocks. (D) Pilotaxitic tex-
tures of plagioclase and chloritized hornblende in andesitic rocks from the pagoda body. (E) Andesitic tuff composed of tuffaceous
groundmass and subhedral plagioclase of the pagoda body rock. (F) Quartz, alkali feldspar and biotite assemblage of alkali granite in the
pagoda basement rock, which alkali feldspars are highly weathered to sericitic clay minerals.
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Figure 3. Magnetic susceptibility of rock properties in granitic
rocks. (A) and andesitic rocks (B) for the stone pagoda in the
Bunhwangsa temple.
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Figure 4. X-ray powder diffraction patterns showing host rocks
of the stone pagoda in the Bunhwangsa temple. (C: chlorite,
A: amphibole, Q: quartz, P; plagioclase, M; mica, O: ortho-
clase, S; smectite, Ca: calcite).
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Table 1. Major element contents (wt. %) for rock properties of stone pagoda in the Bunhwangsa temple.

No. BH-1 BH-7 BH-10 BH-11 BH-5 BH-12 BH-14
Rock names Basaltic rock  Andesiticrock ~ Andesitic tuff | Rhyolitic tuff | Graphic granite ~ Alkali granite | Concrete
Si02 57.92 67.79 70.34 76.23 76.76 76.06 59.32
ALOs 18.16 15.59 14.4 12.98 1257 11.65 9.90
Fe20s 7.28 3.64 2.83 1.68 1.15 2.66 2.20
MnO 0.13 0.12 0.15 0.03 0.02 0.07 0.06
MgO 2.1 0.64 0.63 0.10 0.09 0.02 0.63
Ca0 5.30 3.09 2.01 0.65 0.16 0.29 11.04
Na20 391 287 454 4.20 357 4.28 2.30
K20 1.68 354 241 364 451 432 2.88
TiOz 0.76 0.73 047 0.15 0.16 0.12 0.28
P20s 0.31 0.18 0.16 0.04 0.08 0.03 0.08
LOI 1.99 0.65 1.28 0.50 0.88 0.65 11.04
Total 99.856 98.84 99.21 100.1 99.96 100.15 99.74
CIA* 50.38 52.38 51.19 51.90 53.23 4876 26.85
WPI* 8.28 8.14 5.35 6.07 4.06 557 -24.17

Fe20s : total FeO, LOI : loss-on-ignition, CIA* : chemical index of alteration, WP

[**

 weathering potential index.
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Figure 5. Detailed measurement of structural instabilities in the uppermost 3rd roof floor of the stone pagoda in the Bunhwangsa temple.
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Figure 6. Fractures and cracks showing host rocks of the stone pagoda in the Bunhwangsa temple. (A) Sheeting exfoliations developed
in the basement rock materials. (B) Highly weathered andesitic rock surface coated with white grey crusts due to the dust and air pollu-
tants. (C) Stylobate and tabernacle altered with discolorations and exfoliations. (D) Andesitic rock materials on the uppermost 3rd roof
are severaly deteriorated by weathering processes. (E) Stone lion broken with a right leg. (F) Stone tutelary and beast statues show part-

ly falling off and fracture along the marginal parts.
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Table 2. Tetal numbers and percentages of fractured rock properties of the stone pagoda in the Bunhwangsa temple.

counts of construction materials (%)

Division conditions oot Wost South Norh Total (%)
3rd roof rocks fractured 72(23.7) 120(41.8) 61(19.7) 75(24.2) 328(27.1)
total blocks 304(100) 287(100) 309(100) 310(100) 1210(100)
3rd underpinning fractured 11(12.4) 7(71.8) 15(14.9) 8(8.6) 21(11.0)
total blocks 89(100) 90(100) 101(100) 93(100) 373(100)
3rd body rocks fractured 14(12.0) 12(8.2) 19(12.8) 11(7.0) 56(9.8)
total blocks 117(100) 146(100) 148(100) 158(100) 569(100)
2nd roof rocks fractured 25(8.3) 12(4.2) 26(8.8) 20{6.6) 83(7.0)
total blocks 302(100) 284(100) 293(100) 305(100) 1184(100)
2nd underpinning fractured 12(7.8) 22(17.6) 14(9.1) 20(13.3) 68(11.7)
total blocks 153(100) 125(100) 154(100) 150(100) 582(100)
2nd body rocks fractured 20(13.2) 19(13.0) 28(19.6) 14(8.5) 81(13.4)
total blocks 1651(100) 147(100) 143(100) 165(100) 606(100)
1st roof rocks fractured 24(7.3) 16(5.4) 39(13.3) 19(6.8) 98(8.2)
total blocks 331(100) 299(100) 293(100) 279(100) 1202(100)
1st underpinning fractured 13(7.8) 14(10.2) 29(20.1) 8(4.8) 64(10.4)
total blocks 167(100) 137(100) 144(100) 167(100) 615(100)
1st body rocks fractured 63(10.5) 72(12.6) 68(10.5) 30(4.5) 233(9.4)
total blocks 802(100) 571(100) 645(100) 664(100) 2482(100)
Tabernacle fractured 1(16.7 2(33.3) 3(50) 1(18.7) 7(29.2)
total blocks 6(100) 8(100) 6(100) 6(100) 24(100)
Baserment floor fractured 1(1.0) 00 0(0) 0(0) 1(0.3)
total blocks 99(100) 77(100) 102(100) 99(100) 377(100)
Stylobate fractured 2(1.3) 3(3.0) 433.7) 2(1.7) 11(2.3)
total blocks 154(100) 102(100) 109(100) 115(100) 480(100)
The store lion fractured [o1()] o) o) 0(0) 0(0)
total blocks 1(100) 1(100) 1(100) 1(100) 4(100)
Total (%) fractured 258(11.6) 299(14.3) 306(13.7) 208(9.1) 1071(11.0)
total blocks 2476(100) 2272(100) 2448(100) 2512(100) 9708(100)
o2 IE 1/4 16.4%, 3% FA= 17.5%, E&ME= 21.0%9] A
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Table 3. Total numbers and percentages of falling off rock properties of the stone pagoda in the Bunhwangsa temple.

counts of construction materials (%)

Division conditions East Wost South North Total (%)
3rd roof rocks fall out 55(18.1) 47(16.4) 54(17.5) 65(21.0) 221(18.3)
total blocks 304(100) 287(100) 309(100) 310(100) 1210(100)
3rd underpinning fall out 5(5.6) 3(3.3) 1009.9) 8(8.6) 26(7.0)
total blocks 89(100) 90(100) 101(100) 93(100) 373(100)
3rd body rocks fall out 16(13.7) 14(9.6) 402.7) 7(4.4) 41(7.2)
total blocks 117(100) 146(100) 148(100) 168(100) 569(100)
2nd roof rocks fall out 14(4.6) 14(5.0) 8(2.7) 9(3.0) 45(3.8)
total blocks 302(100) 284(100) 293(100) 305(100) 1184(100)
2nd underpinning fall out 10(6.5) 10(8) 6(3.9) 14(9.3) 40(6.9)
total blocks 153(100) 125(100) 154(100) 150(100) 582(100)
2nd body rocks fall out 12(8.0) 14(9.6) 9(6.3) 10(6.1) 45(7.4)
total blocks 151(100) 147(100) 143(100) 165(100) 606(100)
1st roof rocks fall out 16(4.8) 17(6.7) 16(5.5) 23(8.2) 72(6.0)
total blocks 331(100) 299(100) 293(100) 279(100) 1202(100)
1st underpinning fall out 14(8.4) 9(6.6) 19(13.2) 5(3.0) 37(6.0)
total blocks 167(100) 137(100) 144(100) 167(100) 615(100)
1st body rocks fall out 35(5.8) 15(2.6) 304.7) 22(3.3) 102(4.1)
total blocks 602(100) 571(100) 645(100) 664(100) 2482(100)
Tabernacle fall out 0(0) 2(33.3) 1(16.7) 0(0) 3(125)
total blocks 6(100) 6(100) 6(100) 6(100) 24(100)
Basement floor fall out 0(0) 101.3) 0(0) 0(0) 1(0.3)
total blocks 99(100) 77(100) 102(100) 99(100) 377(100)
Stylobate fall out 5(3.2) 3.0 43.7) 200.7) 143.0)
total blocks 154(100) 102(100) 109(100) 115(100) 480(100)
The stone lion fall out 2(200) 1(100) 010)] 2(200) 5(125)
total blocks 1(100) 1(100) 1(100) 1(100) 4(100)
Total (%) fall out 184(8.3) 160(7.2) 161(6.8) 167(1.3) 652(6.7)
total blocks 2476(100) 2272(100) 2448(100) 2512(100) 9708(100)

Figure 7. Secondary contaminants of the stone pagoda in the Bunhwangsa temple. (A) Grey precipitates coated cement mortal com-
posed of calcite, gypsum and clay minerals. (B) Reddish brown precipitates by iron hydroxides occurred with the basement and inside of
the tabernacle. (C) Dark brown contaminants coated basement rocks. (D) Black contaminants and reddish brown precipitates occurred
the basement of body rocks. (E) Reddish brown precipitates by iron hydroxides occurred with the basement and inside of the tabernacle.
(F) Stalactite-like white grey precipitates formed boundary between the rock materials.



28 | EENEEIR| Vol. 18, 2006

Table 4. Total numbers and percentages of covered rock properties by light gray precipitates of the stone pagoda in the Bunhwangsa

temple.
1 1 0,
Division conditions counts of construction materials (%) Total (%)
East West South North
3rd roof rocks precipitates 00 0(0) 0(0) 0(0) 0(0)
total blocks 304(100) 287(100) 309(100) 310(100) 1210(100)
3rd underpinnin precipitates 9(10.1) 15(16.7) 27(26.7) 11(11.8) 62(16.6)
pinning total blocks 89(100) 90(100) 101(100) 93(100) 373(100)
3rd body rocks precipitates 10(8.5) 22(15.0) 15(10.1) 15(9.5) 62(10.9)
v total blocks 117(100) 146(100) 148(100) 158(100) 569(100)
9nd roof rocks precipitates 2(0.7) 5(1.8) 2(0.7) 4(1.3) 13(1.1)
total blocks 302(100) 284(100) 293(100) 305(100) 1184(100)
2nd underoinnin precipitates 18(11.8) 32(26.6) 26(16.2) 5(3.3) 80(13.7)
P 9 total blocks 153(100) 125(100) 164(100) 150(100) 582(100)
2nd body rocks precipitates 45(30.0) 21(14.3) 22(15.4) 55(33.3) 143(23.6)
v total blocks 1561(100) 147(100) 143(100) 165(100) 606(100)
1st roof rocks precipitates 4(1.2) 3(1.0) 3(1.0) 5(1.7) 15(1.2)
total blocks 331(100) 299(100) 293(100) 279(100) 1202(100)
1st underoinin precipitates 12(7.2) 8(5.8) 36(24.3) 44(26.3) 99(16.1)
pinning total blocks 167(100) 137(100) 144(100) 167(100) 615(100)
18t body rocks precipitates 50(8.30) 42(7.4) 33(.1) 75(11.3) 2008.1)
Y total blocks 602(100) 571(100) 645(100) 664(100) 2482(100)
Total (%) precipitates 150(6.8) 148(7.1) 162(7.3) 214(9.3) 674(7.0)
? total blocks 2476(100) 2272(100) 2448(100) 2512(100) 9708(100)
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Table 5. Summary on deterioration degree from all sides the rock properties of the stone pagoda in the Bunhwangsa temple.

fractured blocks (%)

fall out blocks (%)

precipitates blocks (%) Total blocks (%)

East 258(11.6) 184(8.3) 150(6.8) 2476(100)

West 299(14.3) 160(7.2) 148(7.1) 2272(100)

South 306(13.7) 151(6.8) 162(7.3) 2448(100)

North 208(8.1) 167(7.3) 214(8.3) 2512(100)

Mean 267.8(12.2) 163(7.4) 168.5(7.6) 2427(25)

Total 1071 652 674 9708
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